Abstract. The PAX project at GSI Darmstadt plans to polarize an antiproton beam by repeated interaction with a hydrogen target in a storage ring. Many of the beam particles are required to remain within the ring after interaction with the target, so small scattering angles are important. Hence we concentrate on low momentum transfer (small t), a region where electromagnetic effects dominate the hadronic effects. A colliding beam of polarized electrons with energy sufficient to provide scattering of antiprotons beyond ring acceptance may polarize an antiproton beam by spin filtering. Expressions for spin observables are provided and are used to estimate the rate of buildup of polarization of an antiproton beam.
INTRODUCTION
The buildup of the polarization of an antiproton beam by spin filtering off a polarized hydrogen target has been described by differential equations [1, 2] involving the spin observables for antiproton-electron and antiproton-proton elastic scattering. Relativistic expressions for spin observables due to single photon exchange in elastic spin 1/2 -spin 1/2 particle collisions have been presented recently [3] . There has been much recent theoretical debate as to whether electrons in a hydrogen gas target are effective in transferring polarization to the antiproton beam [1, 2] . It is claimed that electrons should scatter antiprotons out of the beam to contribute to spin filtering. The maximum antiproton-electron scattering angle for various antiproton beam energies is lower than the ring acceptance angles under consideration by PAX [4, 5] and we suggest that a beam of polarized electrons with energy sufficient to provide scattering of antiprotons beyond ring acceptance may polarize an antiproton beam by spin filtering. 
SPIN OBSERVABLES
which we now present, play the important role. The spin averaged differential crosssections have been presented in [3, 6] . In the following m is the electron mass, M is the (anti)proton mass, µ p is the magnetic moment of the proton, α is the fine structure constant, s and t are Mandelstam variables and k
Antiproton -proton scattering
To leading order in small t the relevant spin observables for single photon exchange antiproton-proton scattering are as follows [3] . The ≈ sign refers to the first term in the expansion in t.
Antiproton -electron scattering
The leading t terms in the relevant observables for antiproton-electron scattering are [3] :
ANTIPROTONS SCATTERING OFF STATIONARY ELECTRONS
The maximum scattering angle for 10 GeV/c antiprotons scattering off electrons in an atomic target is 0.54 mrad as shown in Figure 1 (a) . This is below the acceptance angles under consideration at PAX [4, 5] so that all scattering off atomic electrons will be within the ring; therefore no spin filtering is possible and electrons will not contribute to the polarization buildup of the antiproton beam. An opposing electron beam of sufficient energy would increase the scattering angles of the antiprotons beyond acceptance as seen in Figure 1 (b) , hence allowing spin filtering. 
POLARIZATION BUILDUP
When circulating at frequency ν through a polarized target of areal density n and polarization P e oriented normal to the ring plane, (or longitudinally with rotators)
describes the rate of change of the number of beam particles N and their total spin J [1, 2] . These coupled differential equations involve angular integration of the spin observables presented earlier, as seen in the following table. The minimum angle θ 0 relates to the average transverse electron separation, and θ acc is the acceptance angle. The time (τ) dependence of the polarization of the beam is given by solving the system
where the discriminant of the quadratic equation for the eigenvalues is
and where L in = ( I in − D in ) / 2 is a loss of polarization quantity. The approximate rate of change of polarization for sufficiently short times, and the limit of the polarization for large times are respectively:
